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Description 



IS 



The present invention relates to a novel hv/H 

~r;zr:;srr:~ 

prov.a „ „e " 9 Wy"' no,bo™„, „„^„^ a.vaolo » 



in heat 

(RIM) process in the presence ol p mi^=T! ' ' ^ ' ^"^'^^ resulting TPa is buLo, reaction with 

^ -7 - 1 ' 



JO 




(THI) 



50 



As a result of intensive rP<:oorr.K.« ■ ^ "^^^ ^^sis.ance. contains 

c-n:S;:-; — ^^^^^^ .0 0,e.s..er reacon to 
ucs and hitneno. the JJfS been . - -'-"ia ci anmo, ^ -"'"-"^ --=''°n 

Po-t Cose to ,ha, o t^Pa an, have ^ " " '^e CP uLers bi ! '° =^ ''^'P^'^- 

tower coiurT,n o( Japanese Patent ''''1"°^""'"'' '° >o ^epa LTe 1^."" '^'^ "^''-ns 

Among these cTtor^e': e oe Sv the f"''^^^ ' ^^^^ ''5^' 

" ^''°^«-'"^""°"ed Japanese Patent Ko^i No S'STJ"^.^ -'^out 

■ CP irimers need not be 
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removed since it aims at obtaining crosslinked polymer molded product 

However, rt « necessary to remove these CP trimers in Se^ oLin k 
optical materals. The Inventors have found that these CP triers L^th .^ ^^""'^ "° 9^' used ,c- 

can be sufficiently removed by rectification and further fouStTno^^Sr'T""'*'''''' '° '=> ^ep^ra 

by carn^-ng out rlng<,poning polymerization with reducing consent of CP t"^ ^^^'"^ °bLne- 
and CP to 1% by weight or less, preferably 0.5% by webhj^r |« °L ' P'«i"ct of ^h" 

erably a Ziegler cata^st comprising an organoalumiruTcI^":^^^^^^ ' r.ng<pening po^merization catalyst, pre" 
more preferably in the presence of a chaln^lefin aTa mole^rwl^^^^^^^ ^" «'-ato 'a c 

genation product of the resulting ring-opening po^mer^color ess andT ' ' ^^^^O' 
conventional ones and has sufficient strength and heat re isutjf^^^^^^^ 

According to the present invention, the following hydrojnatej^o;! ' "^^^ a==«nplishe= 

a process for producing them are provided y°^09enated polycychc norbornene ring-cpenino polymers an- 
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35 




CH^CH-— 



[II] 




CHM.-CH- 



wherein ^ denotes a single bond or a double bond ) 
(2) A process for producing a hydrogenated poiycvclic norhr,ro<.. 

genating with hydrogen at least 50% of olefinicuS^a^ 0^ ""9-°P^"'"9 P°ly"^er. characterized oy hydro- 
-g polymer which contains recurring .nits re^en a 1^,?^^^^^^^^^ ' ^^y^y^^^ -^^--ne .reopen- 

-..s in an amount of at leas, tO moir, of the tota po,y2 Jnt^^^^^ 

measured m toluene at 25»C. po'ymer units and has an intrinsic viscosity [ti] of O CT -20 i'lc 



40 



50 



(I') 




CH=CH • 



[II'] 



The present invention will be explained in detail. 
(I^onomers) 




CH=CH- 



In the present invention, 5.S-methano-aa a <; o o, o « 
bornene monomers. "^^^ monomers, ri necessary, together with other nor- 



3 



EP 0 430 585 B1 

MBHI and MOHF which are monomers used in the oresenf inwonfj^« ^ ^ 
the following formulas [A] and [B). respectively. ^"'"^ monomers represer.ted .y 



10 




(A] 



IS 



20 




[B] 



30 



I MOHF) 

The above MBHI and MOHF are obtained by subiectino 3a -i 7 7= t».r,K h ■ ^ 
(CP),oD,els-Alderreactiontoproduceanadduct^PA)oM7s?n=;^^^^^^^ 
.hereo, such as boiling poin, are Cose to each remand Tpfi^ ;^^^^^^^^^ 

mixture is usually 40-60 mol% of MBHI and 60-40 0,010/^0. MOHF ' ""^^ °' '"^"^ '"^ 

This TPA obtained through Diels-alder reaction rnntaine no *~ 
[D] as by-products and hitheno. the TPA ha beruse^ wi"ho^^^^^^^ '^^ <o-"las (C] an= 

to that of TPA and are ditficun ,0 separate then, by dSlSn ' '"^^ ^'^^ 



so 



So 




IC] 



(4,9:5,S.dimethano.3a,4,4a.5,6.ea,o.9a^,ahydro-1H-ben2oindene) 




[D] 

(1,4:5,8-dimethano-l,4.4a.4b.5,a,ea.9a-octahydro-9H-fluorene) 

01 these CP trimers, especially the compound represented hu the ir.r^ . rr^, ■ 
lathesis reaction and only crosslinked polymers conta.n no oel r.n k k " ^ '"'^"^"^"a' =o^Pound .n me- 

without removing it, coniain.ng gel can be obtained when nng-polymerizaiion is carried oui 

Therefore, in the present invention, content of CP trimer<: in ih» =hw . 
reaction of THI and CP is reduced to 1% by weight or le pi,;;,,! 0 50 T ' ^ °' ' ' ' ^'^'^-^''^^^ 
Of CP trimers is more than ^% by weight the resul^no L lr>!I ^ f ^ °' 'ecttflcation. If content 

thereof is unsuitable as optical mateX ^ ''"9-open.ng polymer contains gel and hydrogena.ion product 

By using such monomer mixture of ivlBHI and MOHF containinn »i m^e. , 0/ ^ 
polymer free from gel can be obtained even a, a conversic^ S QO- o mn °' ' ""9^Penin9 

The above MBHI and MOHF are obtained as a mSt^e n n-i^AM ' " °' 
MOHF may be substituted with alKyls such as me hyl ell and ^oovl buT ""T °' ''''' 
their easy availability. ^ ""substituted ones are preferred in view of 

These MBHI and MOHF produce the above recurring units \V\ anrt nn k., 
and produce recurring units (I) and [11] by hydrogena.ion of the iolymt ispeZr"'"' "'^"='^'^y 
m the present invention, only the monomer mixture of MBHI and MOHF m!! k h . ■ 

o MDni and MOHF may be used, but it may be copolymerized 
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with known norbomene monomers. 7>,ecopolymerj2ablemonr»« ■ , 

resented by the following (ormuias fE). a!^ (gTo s^e'd ^o-Pounds re. 

bornenes having 5 or more rings such as asymmetr c .rimerro^^!. co^ipounds thereof. Furthermore; poto Z 
.u.ed product thereof may be used in combir^tion w ^^Zal^^^Z'^'T"'' ''^«^='°-^«P'adece'neSrubs 

"'"pound represented by the formula [E] Is te^L!?^^^^^^^^ " 
lower alkyl group, e.g., methyl, ethyl and propy and o^lr i^f '"^V have substrtuent such , 

cyano group, halogen atom, alkoxyLbony, group 3"^;^^^^^^^ 'T"'"'^ ^-'^ «s al^idene groTaX "c^o?-' 
subsmuents. These TCD(s) can be obtained by subSg cl^S^^^ "'"P^-^ -^V have onl'ir'mo; 

and separat,ng „ trom the reaction mbaure by d'sti.feS and he °-'->^'^er rea^! 




recurring 



20 



2S 



30 



[III-] 




(wherein^ denotes a single bond or a double bond) 



35 




[F] 



DCP(s) form recurr.ng unit [IV] by r.ng^pening polymer, 



55 



'Zation and lorn, recurring unit [IV] by hyc 



rogenalion. 



[IV] 



^^^^"^ 



[IVJ 




CH ZZC CH- 



The compound represented by the formula fGl ic 9 • 
. The substrtuents are the same as .n I c^; "^^^ '^^^ ^"bstltuent 

- iude, lor example. alKyl-substitut^ no^rer s h'T 5 me'l^ T. '"'""'^ '^'^ ^^--^ "-''ornenes 
bo et TnZ,::' ^■'>"'V'-2-bomene, alkylfre s b S norr^""' ^'^-^'-nv'-^-no^omene 
ro.2 n«L 9'°^P<o"taining norbomenes such as 5 ohooJ, o S"=h as 5-ethy|jdene.2-nor 

ro2-norbomene,and5-methoxycarbony|.2.norbomene '-P'^^y'-^-nP^fornene, 5.cyano.2.norbornene, S^hlo- 
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NB(s) »orm recurring unit [V] by ring-opening polymerization and form 



[G] 



recurring unit [V] by further hydrogenation. 



IS 



20 



30 



SO 



ss 



[V] 




CH=CH [v] 




CH — CH- 



.eners:rmVor.^r^^^^^^^^ 

By using MBHi and MOHF as monomers, molded products of less ootical di.io.i. 

Other norbornene monomers are used in combination with th«. =h„ " ""9^"=^- 

and modification. On ,he other hand, when theThe" r*omen» rn Processability 

Of MBHI and MOHF is used for the purpose o iC^^bi ^0^^'^' "'T''' ==-ponents, a m,x-.ure 

in the case of using other monomers in coia, on " ' '^"""""^ te,-.perature. 

perature of molded product increases, but when xZt^s t^nsZ , °' S'^" '■'ansition tem- 
and besides b.refnngence value which is rega d ^ : rpS^n 3^7? ''^ P-essa.liry de.eno.ates 

=rp~^^^^ 
sa.;:;riyre~^ 

combination, amount thereof is preferably within the ranoe wheZLc ' """" ^' ^'^'^^ 

When TCD(s) are used, these are preferably used in a aToum wS' ^^^^^^^^^ '^''^ °' ^'3^- -° 

viewpoint, amount of other norbornene monomers is 90 mor o? ''^'""gence value ,s not damaged. From sucn 
SO mo.% or less. Other norbornene monomers a e se, TinoTv^ n cn^^f T'' ? °'' '"^ ""^^ ^^^'^'^^'V 

. .n order to obtain polymers having a glass .ransS.emt /o^ ° ^ °' 

■t .s appropriate to copolymerize TCD(s) in an amount of 20-50 moP ^^^"e"' birelringence. 

o,be::jn~~:-^^^^^^ 

double bond such as cyclopentene, cyclooctene, and 5 eX^^ ^^^^^^^^^ ""^^^^^ ^---^9 one reactive 

Polycyclic norbornene monomers include compounds avl^^^^^^^^^^^ 
pounds are apt to bring about gelation of polymer and soteTJcorr^ZZ^rr " "^^^ '^"^ 

Furthermore, in polymerization it is preferred to add chafn Z ■ f "'""^ =^ ^'''^^ P^^'^'e. 

butene-t . pentene-l . hexene-1 , octene-' butene-2 pentene 2 and f h" ^T'"" "°"-^-'"9-'- such as 

less, preferably 0.01-5 mol%. most preferably 0 2-3 mol°' for^nnHT ' a^o""! of anout 10 mol-Jc or 

weight modifiers, especiallyprelerre^darel-iefins^^ch;^^^^ 

(Polymerization catalysts) 

Ring-opening copolymers of these monomers are ararii.rB-' k 
bornenes and polymerization catalysis used are not critral an^ in^nT .""^"^^^"'"S Polymerizatic. orocess o( nor- 
metals such as ruthenium, rhodium, palladium osm'umi idl I h ', =°'^P°""°3 cf olatinum grouo 

''6-l49l0).compoundsol transition metals suchasSium^anT. '^^^""^ ^^^^^ No 

compounds of metals of Groups l-IV of the periodi fa e and '""S^'^^' ^^=^ -9anometal,ic 

may be added to these catalyst systems (e g Japanese Pmen KoTr M f '"^^"^"'^ ternary amines 

Japanese Patent KokaiNos. 54-S6600 and 55.127725) ' ^i-20lli, 57-17533, and 57-61044. and 

Among them, especially preferred are catalyst svsiemc r-«n,= 
tetrahalide and an organometallic compound such as o nanoaZ' '"^ ' ''''' '''^"'"^ 

al-phatic or aromatic tertiary amine is added. °^9a"oa'"'^'num compound to which a third component such as 

Examples ol polymerization catalysts are shown below 



6 



EP 0 430 585 Bl 

Tfansttion metal compounds 

As metal compounds, compounds oi transition metals such as titanium, vanadium tunqsten and moh/hhpn 

typical examples of the compounds are as follows: 

TiC^4. TiBr^. VOC^j. VOBfa. WBr^, WBr^. 

WBrg. WC€2. WC€4. WCfg. VJOi^. WF4. Wlj. 
'0 WU. W0Br4. WOC€4, WOF4. MoBfg. MoBrj. 

MoBr4, MoC^4. MoC€5, l^or4. MoOC^4. 

M0OF4. WO2. H2WO4. NaW04, K2WO4. (NH4)2W04. 

Cawo4. CUWO4. MgW04. (CO)5WC(OCH3) (CH3). 

{CO)sWC{OC2H5) (CH3). (CO)5WC(OC2Hs) (C4H5). 
'5 (CO)5MoC(OC2H5) (CH3). (CO)sMo=C(OC2H5) 

(N{C2H5)2). iridecylammonium moiybdate, and tridecylammonium tungstate. 

OrQanometallic compounds 



20 



25 



40 



Organomeiallic compounds include, for example, organometallic compounds of metals of Gro-.os I -i V of the oe'^oc-^ 
table, such as organoalum.num compounds, organot.n compounds, and compounds of lithium sodium macnLtr 
zinc, cadmium and boron. ' "'c^snes.jrr,. 

Organoaluminum compounds include, for example, trimethylaluminum. Irieihylaluminum, tri-n-Dropylaiu.-ninur' tr- 
isopropylaluminum, trnsobutylaluminum. trihexylaluminum. trioctylaluminun,, triphenylaVm,num. tribe.nzvlalu^inu^' c . 
e,hy,a,un.,nun. monochloride. di-n-propylaluminum monochlonde. di-isobury.aluminun monoch.or.de di n Z"!. - 
num monochlonde, d,e>hy^aluminum monobrom.de, die.hy.aluminum monoiodide. die.nylalum..urn racn d ^ 
d,-n-propylalum,num rnonohydrda, diisobu.ylalum,num monohydrido. methylaluminum sesiichloride eThyS Snu^ 
sesqu,brom.de. ,sobutylalum,num sesquichloride. e.hylaluminum dichloride, a,hy,alum,num dibroc.de propylj "nu~ 
dcnlonae, isobutylalum.num d.chloride. propylaluminum dibromide, and ethylaluminum diiodie 

Organotin compounds include, for example, telramethyltin, dielhyldimelhyltin. tetraeihyli,,-. dibutvldietrv- 

d,ethy,,,n d,fluor,de, d^thylt.n dichlor.de, die.hyltin bromide, diethyl,, diiodide. e.hyl„n U.fluoride mhySn cnSi; 

d.unr. m«.hylmagnes*um .odide, eihylmagnes.um bromide, meihylmagnesium bromide, n-propvlrr.acnes.um c^^ de 
; n^CSor ■ ^"^'"^^^"^^''^^ ^*^'^y-=. ^-^ylcadmium, tr.me.n^lb^.n. r,e y bo ^ 



rhird component 



a third ZrX m .' ? , '""^ '"'"""^ °' ^'"9^P^"i"9 polymerization can be imoroved by add.nc 

oxvol Zk^ T ''' """'"P'" °' component, mention may be made o( moS ar 

oxygen, alcohols, ethers, peroxides, carboxylic acids, acid anhydrides, acid chlorides, esters ketones n?roTen<on 

AZcrm'","''r"""°"''''""' ^^'°9-<-<--9 compounds, molecular io^e and w' aces' 

:i:ryrinrp;^^^^^^^^^ 



(Solvent) 



so bu, c?nT„l"''°" °';"9;°P""'"9 "=°P°'y'"^^ "^^^ '^^ present invention can be carried ou, without using solvent 
^ out can also be earned out in an inert organic solvent, :»yiveni, 

Exarnples thereof are aromatic hydrocarbons such as benzene, toluene, and xylene, aliphatic hydrocarbons su-h 

II ITr"' ^"=y='i= hydrocarbons such as cyclohexane, and halogenated hyd S^b^ c' 

U chToZ'T T • *=^'°'°^'^y'«-. 'e-rachloroethane, chiorobenzene, d.choroben^ a d 

^ trichlorobenzene. Tnese may be used singly or in combination of two or more ooenzene, anc 

(Polymerization temperature) 

Temperature condition for ring-opening polymerization is no. critical, bu. usually an optical .emperature is selected 



7 



EP 0 430 585 Bl 

from -20*C -lOO'C. preferably 10-50"C. 
(Potymerization pressure) 

Potymerization pressure is preferably selected from 0-50 kg/cmS. 
(Hydrogenaiion) 



The hydrogenated ring^pening copolymer of the present invention can be obtained by hydroaena'-ino the rinQ-ooer- 
,ng copolymer to saturate a pan or all of olefinic unsaturated groups (double bonds in the ma n c.?a;n ano in un«tu^ ec 

sa.ra,ed by hydrogenat.n, the hydrogenation rate is regarde^o^ loT LTactl^^^^^^ 

w.th,n the aoove range. However, in order to improve heat deterioration resistance and lioht de.e 'orSi^re ■s'l?^ ^" 
IS necessary that at least 50% of double bonds in the main chain are hydrogenated to single oolT " 
The hyorogenaiion reaction of the ring-opening copolymer is carried out by usual process As hvri-r,non=,- 

As heterogeneous catalysts, mention may be made of solid catalysts such as nickel, paliadiurr and olatinun an- 

nickel^s-lica. nicked d:atomaceous earth, pailadium/caroon. palladium/silica, pal^d.um/diatomaceo.s eanh ano «i - 
d,um,alum,na. As homogenous catalysts, mention may be made of those which have a suostra e c a mTa belong 
to Group Vlll o the penod.c table, for example, those which comprise Ni or Co compound and an o^Tc^eS c co"' 
pound o, metal belonging to Groups 1-111 o, the penodic table such as nicke, naphthenate/triethyi^nurcS 
nate.n-bu,ylh!h,urr, and nickel acetylacetcx^ate/lriethylaluminum. Funher examples are Rn c=moou-ds 

andurrs^p— ^^^^^^^ 

rnrdr,h^rh^'"^^^"T^^"^"'^'^^^=''°"'^-^^ 

is at least S0%, more preferred hydrogenation rate is at^a" 9^ '^°"S^"^'^=' ^"^ ^"''^''^ --rogena.ion rate 
(Hydrogenated ring-opening copolymer) 

Ring-opening copolymer used in the present invention has an intrinsic viscosity (nl o! 0 0: -20 dl/- orefcrablv On- 

Hyarogenaied ring-opening polymer ootained by hydrogenating a nng-openina cooolvme' o' T-nro ^nw mr, , h 
a relatively high glass transition temperature and excellent in heauesismncrhm hr r J " ^ " 

deter?oSnT. 'y='^°9'"''"=' ring-opening polymer is further improved ,n heat deterioration r«,M=n-o =„h i,„k, 

deterioration resistance as compared with the ring-opening copolymer used " 

The hydrogenated ring-opening copolymer of the present invention can he mnw^w k , , 

As IS clear Irom the facts that the hydrogenated rino-ooeninn rnnni„rn», «i ,k 
transition, temperature and its unsaturated groups are hvdrooTl^^^^^^^ " 9'^" 

being excellent in heat deterioration resistance and Oh S or^^^^^^ ' 
.a,anced,ntransparency,chem.calres,stance.andmSjS:;r^ 
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ucts in a wide variety of fields. • 



20 



25 



SO 



ss 



For example, the hydrogenaied polymer of the present invention ran Kn . .t;i;,^^ *■ 
opncal disc, opt^al fiber, and glass winciw. elec>ricai (iefcjsrrr^^^^^ 

(or liquid crystal display, printed substrate, high-frequency S Ss rate iT^^n ' IT"" '"'^'^^'^ 

and film, medical and chemical fields such as 2jec.^, pipm- a^an o^^^^^^^^ elec.roconductive sheet 

instruments, housing, film, sheet and helmet. ^"'^ f.elds such as various 

The present invention will be explained in detail by the followinr nnniir«;ti«« i 

Where parts are by weigh, unless otherwise notified. ^ '""^ """"P"' "-"Pa^ative examples 



JO Synthesis Example 



An equimolar mixture of 3a.4.77a-teirahydroindene oi 09% or hinhpr in r^,.rit^, 
to Diels-Alder reaction in an autoclave at 230-C The reactbn mrure wl rp/ ' h P""'^'^'^"^ ^^^^ ^"''<^='«- 
X o, MOHF and M3H. containing of cyclopentadire tr'eTrp tnrer) ' 

.nH '^f ""^"'^ ^ Chromatography shewed that proponion of MOHF and MBHI was nearly e-ulmo- - 

and 1 33 of the CP tnmer was 1 ,4:5,S-dimethano-l.c,4a 4t) 5 8 8a 9a-QctPhvHr^ ou n ^ e.,urmo,=. 

[D]). o.-^-o.o.ea.aa octahydro-9H-fluorene (compound of the for.-r. jis 

ThemiriureXwasfunherrectifiedtoobtainafraciionGl101-105°r/niv,,r»v\= w . .• 
2) under the conditions of 2 mmHg and a reflux rat.o of 1/20 ' and afracon of 1C5-109-C {mir.ure 

Analysis by gas chromatography showed that content of CP trimer was 0.5% in mixture V and 5% in m:x-.ure 2. 
Example 1 

60 pans of mir.ure Y (CP trimer content 0.5%) obtained in Synthesk c^rr^m^ ^- . 
clohexanone and one pan of hexene-1 was added ..hereto afa mdecuirwe^Qh,^^^^^^ tT ? ' ° °' 
added 10 pans of 15% solution of tne.hylaluminum ,n cyclohexa^ 5 pins o S '^^^/^^'^'t.ng solut.o, were 

0, ..tanium tetrachloride in cyclohexane and r.ng-opening po^rri/atTwas Sd al i-C ' ' °' 

Alter 30 minutes from starting of polymerization 10 narts nf cr^i,,ti t * . ' 

was added at the po.nt of a conveys Jrale o, 85%. followed by s r:;t unn^^^^^^^ 

was acoed to stop the reaction. Tnereafter, the reaction milre was ooul ^ , ' ' °' 
prec.p,tate polymer, followed by filtration. Conversion rate (Vrd, was 97^ ==^'°"^''^°P-Py' alcohol (1/1) ,o 

Tne resulting polymer was again dissolved in 300 pars of cyclohexane and i nan 
added theretoand the solution was =.harged ,n an autocLe After rn^^^-^^^^^^^^ 

With hydrogen and the content was Kep.Ior 30 m.nu.es unde a dr^ ere Sc^^iTo K^^^^^^^^^^^ T 

01 30-0 w,th st.rring. Then, temperature was elevated to 150-C ana JeaXn w.! ° '^^J^^^'^ at a temperature 

com=le..on of the reaction, the resulting hydrooenated polymer 3^^™:;" /' °" ' 

into acetone/isopropyl alcohol (n by volume') to ci-^mo ^^'^'y'' ^""^ P°-^^^P 

obta,,. 5. pans of hyLgenated polymer ^ ' ' ''^ ''"nation and dried ,0 

As a result of analysis of this polymer by proton NMR soeclrum it was confirmor. m=. =k,« •■ . 
from double bed disappeared and nearly c^plete hydrogenation iaTat^a^ dTh ogenar O^T 

This hydrogenated polymer had an intrinsic viscosity of 0,6 d^g measured in 10^,?^? ?^- rf 

temperature Of the hydrogenatedpoiymer measured by DSC analysiJ^as ^Js-C °" 

This hydrogenated polymer was molded to a plate 0! 1 2 m-i tmc^ hw hr.- 
measured toobtain a light transmittance of =0% or hicner at ion-TZ T i ^ °' ^'^'^ 

polymer. Further, the plate did no, soften even whe th s w« hTate" S^^^^^^^^^ 

.he polymer using toluene solvent and this filn had a sufi, "nt s ren"^ n 1^ oT T'"'"" "^""S 

resistance was evaluated by dipp-ng the above plate in ethy a^tate and a^Irn ' " '° °' 

Observing change in appearance. Chemical resistance ra^evaluate'rd.^^^^^^^^ '"^^0" '° 

^^:p=~^^^^ 

aXr- .^vention ,s 

Comparative Example l 
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polymers which were not suitable as optical materials were obtained. 
Example 2 



100 pans of the hydrogenated polymer obtained in Example 1 was again dissolved in 600 parts of cyclohexane and 
e solut.n was poured ,n,o 2400 parts of ace.one/lsoprcpy. alcohol (1:1 by volume) and pre^itate vJaT^I "0^" 
filiraiton and dried to obtain 94 pans of hydrogenated polymer. "J"eciea ov 

This hydrogenated polymer had an intrinsic viscosity of 0.6 dl/g measured in toluene at 25»C 
Furthemiore, molecular weight (in terms of polystyrene) of the polymer was measured by high oeriormance l.cuic 
dhr^atography using toluene as a solvent (measured by HLC 802L manufactured by Toso Co,, L at aTemperature 
Of 38'C and a flow rate of 10 ml,min using TSK gel G5000H.G4000H as column] to obtain Mn: 3 . x 10^ Mw 9 3 
10-, and molecular weight distribution Mw/Mn: 2.7. j * lu-, iviw. s. j x 

Glass transition temperature of the hydrogenated polymer measured by DSC analysis was 125'C 
This hydrogenated polymer was molded into a plate of 1.2 mm thick by hot pressing and prc'oerties o! this olate 
were measured. Light transmittance was 90% at 400 nm and 91 % at 330 nrri P'C=enies o. this plate 



example 3 



ofstriSioa ' " °" " °' '"^"^'"^ P'ocessam C optical disc by reduces molec'r w^S 

In a 1000 liter reactor were charged 330 pans of dehydrated toluene. 2.3 parts of triethvlalu-ru-n 4 7 o;,n, o- 
tnethylamine, and 0.70 par, of 1 -hexene under nitrogen atmosphere. With keeping tempta u e a" o"? 1 ^ H2 c- 
r..«ure Y and O.SO par, of titanium tetrachloride were continuously added to the reaaion syJe^ 0 e a peri^o 1 ho" 

to allow polymerization reaction to proceed The reaction was «;tnnn«M kw a^ri- ■ \. 

Tne resulting ringopening polymer was dissolved in 600 pans of cyclohexane an^ 2 4 n^^,^ o' n^n^H' / ■ 
catalyst (supporting amount: 5%) was aoded to the solution in a 200o'l,ter ^eaTor n^^y ^e a o r^^^^^^^ 
allowed to proceed for 5 hours at 140°C under a hydroaen oressure nf in Wr,/.^2 tk ^ reaction v%as 

filtrated to remove hydrogenation catalyst and was poled'L'lsS parts of ™ , alohouZk"^"^: T 

&WU H«=ns w. cy Jonexane. 'he solution was poured into 1550 oans of i«;nnmnui a t-^h^i ua:»oiveurr. 

for 24 hours to obtain 1 1 3 parts of a hydroaenated polymer ^iJ-essiveiy an 1 0 >^ 

X 10- and Mw. 6.2 x 10 , a molecular weight distribution Mw/Mn ol 2.2, and a glass transition temperature of 12S'C 

lo 10 parts of this hydrogenated polymer was added O.Ol part of tetrakisfmeinvlene 3 n^^rnTTll 

nyl) propionatejmethane as an antioxidant and this polymer was met knelShl ^ r ' ^ ^ ^ ^ ^ ^"'""^^ 

of 30 mmo (TEM-SO manufactured by Toshiba Mactee C L dTa 25o4 fo 1^ nTT'"''^'' ''""^ ' 

into an optical disc substrate of 1 30 mm in diameter a^d 1 25 mr! in hfckne J bvTn ' ! 

manufactured by Sumitomo Heavy Industries, Ltd., at e nTemoora u^^^^^^^^^^^ and a m^ ' 

kj-H«f - u ... ' C and a mod emoerature of ion* r 

Examples 4-7 
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Comparative Example 2 



IS 



20 



25 



33 



40 



Example 3 was repeated except that ETD W3s used as monomer. The resufts are shown in Table i . 



SO 
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Claims 



1 . A thermoplastic hydrogenated polycyclic norbomene ring^penino nr^i^.r h= ■ 

the .ollowing fom^ulas (IJ and [II] or these recurring unrts S L J'"' '""""'"^ ^«P'««"'e= o 

based on total polymer units, an Intrinsic viscosity fT,) o7o Oi in ^ ^" °' ^' '0 

50% 01 C bonds Which constitute main chain are smgle bonci? ' ^' '^^^ 




CH- 



[II] 




CH Z—i CH- 



wherein ^ denotes a double bond or a single bond. 

2. A hydrogenated polymer according to claim i , which consists essenti;,ii« o, 

nulas [1] and [II]. consists essentially of recurnng uniss represented by the Ic 

3. A hydrogenated polymer according to claim 1 which contaioe h.,- 

bomene monomer. ^V^fogenated product of polymer unit of o;ne.- nc 

4. A hydrogenated polymer according to claim 3 wherein th«. h.,- 

bornene monomer is represented by the i<:^X ZVaS^^^^^^^ ''^^^^ °' ^^'V-^' o'- che.- nc- 



C""^^" — CH 

o 



[III] 




CH zrr CH- 



(IV) 



-CH ^ CH- 



Wherein^ denotes the same meaning as mentiaied above 

Hydrogenated polymer according to claim 3, wherein amount ol 

or more. 



[V] 



Ihe units [1] and (11) in total polymer units is 30 mol% 
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^ 7. A hydrogenated polymer according to claim 1, wherein hydrogenation rate of double bond is S0% or more. 

8. A hydrogenated polymer according to claim l . wherein hydrogenation rate of double bond is 90% or more. 

9. A hydrogenated polymer according to claim 1 . which has a glass transition temperature Tg of 1 10»C - ISO'C. 
10 10. A hydrogenated polymer according to claim l . which has a glass transition temperature Tg 1 30' C or higher. 

11. A hydrogenated polymer according to claim 10 which comprises recurring units (IJ. (II] and [III]. 

1 2. A^hydrogenated polymer according to cla.m 1 1 , wherein the unit [11 1] is unsubstituted or lower hydrocarbon SL-bsiitute 



IS 



20 



2S 



tnZT ""' -^='"9 ^ hydrogenated noroornene r,ng-opening polymer which contains recurring units re-^ 
sented by tne following lomnulas [1] a.nd [II] or these units substituted with alkyl ,n an arr^ount of at leas: 10 n'o'^" 

Scf.o'T^ r ^"'^ °' ° measured in toluene a: 25'C a 

least 50 ,o of olefinic unsaturated group contained in the polymer being hydrogenateo: 




CH rzr CH- 



[III 




CH ZZ^ CH. 



wherein ^ denotes a double bond or a single bond, which comprises the steps of: 



(1) subjecting 3a,4,7.7a-tetrahydroindene and cyciooentadiene to Diels-Alder rea-tior, 

(2) reducing content of cyclopentadiene trimer in the resulting poiymer to 1% by weioh; or less 
oLZTr '"9:°P«"'"3 polymerization, if necessary, withaddifon.of comcnomer to obtain a polymer co^ 
pnsing recurring units represented oy the formulas [I'j and [irj or these units substituted witn alKyl 




H=CH- 



(II' ] 




CH=CK 



1 



(4) hydrogenating the polymer. 
14. A process according to claim 13, wherein content ol the cyclopentad 



iene trimer is reduced to 0.5% or less. 
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Patentanspruche 



1. Thermoplaslisches. durch Nortoomen-Rinooffnuna firhahon^^ «i .• . 

Mol-o/,. bezogen aa( alle Polymereinheiten Lbst l^en tt'lZlS T ""'"^^ 
h] von 0.01-20 dl/g, gemessen in Toluol bei 2S'C aufweis? wc^I^^^^^^^ Q'""*"^^°^^a: 

' "°®^^®"s50/oderC_;^ C-Bindungen, diedie 



Hauptkette bilden. Einfachbindungen sind: 




CH- 



tin 




wobei^ fur eine Doppei- oder Einfachblincung steht. 



linheit eir.es weileren Noroornen 



4. Hydfiertes Polymer nach Anspruch 3, in dem das Hydrierunqsproducki dPr Pm^rr, 

nenmonomeren durch d.e folgende Forme, fill], [,V] <j;:er [V] S'gegebe" ---- f^-^- 




CH CH- 



[III] 




CH rz= CH- 



[IV] 



CH . — - Cff- 



wobei^ die vorslehend angegebene Bedeutung hat. 

i. Hydriertes Polymer nach Anspruch 3. in dem der Anieil 
Oder mehr betragt. 



(VI 



der Einheiten (I] und [11] an alien Polymerelnheiten 30 Mo).-? 
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7. Hydriertes Polymer nach Anspruch 1 . in dem der Hydrierungsgrad der Doppelbindungen 80% Oder mehr be.rag: 

8. Hydrienes Polymer nach Ar,spruch 1 . in dem der Hydrierungsgrad der Doppelbindungen 9C«'o Oder mehr betrag: 

9. Hydrienes Polymer nach Anspruch 1. das eine Glasubergangstemperatur Tg von 110-C-lSO-C hat. 

10. Hydrienes Polymer nach Anspruch 1 . das eine Glasubersangstemperatur Tg von 1 30-C oder mehr ha:. 

11. Hydrienes Polymer nach Anspruch 10, das sich wiederholende Einheiten [I]. (II] und (III] umfaO'.. 

r::rsrren: " • ' ^^-^ ""^"^^'''"^-^ Xonlen. 

hST" 'h' "I^'TT? N°*omen-Ring6ffnuns ertialtenen Polymers, das sich wieder- 

holende ..nhe-ten der folgendan Formein [I] und [II] Oder diese mit Alkylres.en in einer Menge von m,ndes"n^ 1 0 
Mol.%. bezogen aut alia Polymereinhei.en. substi.uienen EinheI.en enthal, und eine Grundviskos,tat(^ vonToi 2^ 




CE- 



till 




CH — ~ CH. 



wobei^ fur eine Doppeloder Einfachbindung sieht, umfassend die Sch 



nne: 



(1) Diels-Alder-Reakiion zwischen 3a.4,7,7a-Tetrahydroinden und Cyclopentadien 

(2) ^Verr,ngerung des Gehalts an Cyclopen,adien,nmarem in dem so erhaltenen Polymer au, 1 Gew.<;, oder 



wentger, 



(3) R^goflnungspolymerisafon. (alls ertorderlich. un.erZugabe eines Comonomeren, urn ein Polymerzu . 
Einhl^tmS." "^'^ Allcylresten subs.,.u,enen 



J erhal- 





CH-CH- 



,und 

(4) Hydrierung des Polymers. 



14. Veriahren nach Anspruch 13. indem der Gehatt an Cyclopeniadientrimerem auf 



auf 0.5 Gew.-% oder weniger reduzien 
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Revendlcatlons 



Polymfere polycyclique hydrog6n6, thermoplastique obtenu oar ouvBrturo ^w^i. ^• 

n^ne, componant des motifs r6p6>6s repr/sent6s paTs^ZZ!^Zm .^' l ^^^^ 

.a mo.„s PC,..., e, p.sen.an. .ne viscosL LZ:::^^^ aT l^eTS^ S 
d.g. a. n.o.ns 50 % des l,a,sons C^C qui const«uem la chains princlpale 6.ant oes i.aisSs ' ^les 




CH CH 



1 



[II] 




CH rz^ CH- 



ou ™ d^signe une simple liaison ou une double liaison. 

2. Polymdre hydrog6n6 conforms S la revend.cation 1 . essentiellement constiiue 
les formules [I] et [11]. 



de motifs repetes representes par 



3. Polym^re hydrog6n6 conforme ^ la revendication i . Qui comoone le oroduit d'hunv^^.,. 

derives d'un autre monom^re de type norbom^ne. " ^ hyarogenat.or. ce motifs de Dolymere 

4. Polymere hydrog6n6 conforme ^ la revendication 3 dans leaufli !« nrrvH.n* h-k ^ - • 

derives d'un autre monom^re de type norbom^ne esuepr^^^^^^^ ^"'^"'^^^ 

lyrJB nu.Dornene est represente pa: I une oes formules suivantes [III]. [iVj ei (V] : 




CK- 



[III] 




a ia meme signification que celle indiquee plus haut" 
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S. Potym^re hydrog6n6 conforme k la revendication 3, dans lequel 1?. prooorticn de notrts 'II c '111 ^nnor^ 
nombre total de motifs du polym6re, est sup6rieure ou 6gale S 30 % en motes. " 

L°S?„Sh°^'?h T'°T' f " 3, dans lequel ^ proponbn de motifs [1] et [II). rapoonee a- 

nombre total de motifs du polym6re, est sup6rjeure ou 6gale k 50 % en moles. ''P.^anee a: 

IZTrZtlTB^T'"" ' " ^' """^ ^'^y^-genation des doubles liaisons es: 

rSu^T4?rtoT'°"' ' " ^' ^^"^ d-hydrog.na,ion oes-cccbles l,a,sons est 

9. Povmere hydrog^ne conforms S la revendication 1 , dont la temperature de transition vitreuse vaut de 1 1 C'C S 

' " ^' "^"^P^rature de transition v^re.se es. s.perieure 

11. Polymers hydrogen^ conforme S la revendication 10. qui comporte des molrts repetes [1], [II] et (liij 

12. Polymire hydrog6n6 conforme S la revendication 11. dans lequel las motifs [III] ne pcner- oas de subsftuants o. 
ponent des substituants hydrocarbon6s inferieurs. ^ > ^' h st-asjiuanis ol 

13. Proc6d6 de production d'un polymSre polycyclique hydrogens, obtenu par ouverture de cycle d'un compose ce tvoe 
norborn^ne, comportant des motifs rep6tes repr6sem6s par les formules [I] et [II] indiquLs n-dessous ol n« 
rnot s r.p.,.s po.ant des subs.Uuants al^le, en une propon,on d'au mo.i 1 0 % en ^o^s ^ r^ooa a-^^^^^^^^^ 
total de motifs du polym^re. et pr6sentant une viscosity imrins6que (n). mesur6e dans du tohlene^^ do 0 0 
^ 20 dl/g, au mo.ns 50 »/. des chalnons insa.ur.s ol^finiques que compone le polym^re etan hySrogtes 




CH rzr CK- 



[II] 




CK rzm CH. 



ou~ designs une simple liaison ou une double liaison, 
lequel proc6d6 comporte les 6tapes consistant S : 



1 soumet re du 3a.4.7.7a-tetrahydroindene et du cyclopentadiene ^ une reaction de Diels-Ald^r 
3 itZ ^y'^'^P^"'^^*^"^ P°^y^^'- resultant ^ une valeur d'au plus' l' % en po.cs 

ui rSvl P^'^'-"^^'^^""" ^ ^y^'e- - ajomant un comonomere si necessai e pLToo^n . 

tl ™n "T"^"' ''''''' representes par les formules [K] et [If] ind.quees ci-aessous ou d 

tels motifs repet6s portant des substituants alkyle : i i i j h aessous. ou oe 




H=CH- 



[II' 




CH=CH- 



J 
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et 

4) hydrog^ner le polym6re obtenu. 
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